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coanie gaaoMi^ray Iwrat ii* reportad tlwt occurrad at 29309.11 a^DTC, Way 
14, 1975. Tha burst waa detected at an atnoapherlc depth of 4 raaidual 
atnosplicre with the University of California double scatter gnann-ray tele- 



scope launched on a balloon fron Palestine, Texas at 1150 UTC, Hay 13, 1975. 

The burst was observed both in the single scatter node by the top liquid 
sclatAllator tank In anti-coincidence with the surrounding plastic scintilla- 
tor and In the double scatter node fitsa which energy and directional infoma- 
tlon are obtained. Tha burst is 24 standard deviations the back- 

ground for single scatter events. Tha total gasna-ray flux la the burst, 
incident on tha^i^i^]^**^ with photon energy greater than 0.5 MeV, is 0.59^^^^ o 
0.15 phuc.ona/^^TTEa'toitlal rise tine to 90Z of naxlnan la 0.315^0.005 s ai^ 

Che duration la 0.11 e. Tine structure down' to the 5 na resolution of the^ ^ 

telescope is seen. The naen flux over thi s tin * P f^'**^ >Ja^5^J / ^1.3 photons/ 
d^b and the naxlniai flux la 8.5 M 2.1 photons)|»^-ay ^ Integral energy | 
distribution la obtained frosi the single scatter flux and the 8 doid>le Coepton ^ 
scattered gaem-rays recorded during the 0.11 ‘s. When fitted to a power law 
In energy N(>l) “ A Z*^, A • 0.24 Hh 0.04 and a " 1.3 4 0.2. The total energy 
la the burst above 0.5 ^isV is 2 4 0.5 x 10~^ erg/ca . tte direction of the 
source, with 90Z confidence, is liadted to a circle with radius of 25^ and 
center at a t.A. of 248** and a declination of 422^. In the search fox analler 
bursts of note khan So ab ov e ' be> kgrownd, 2 additioual candidates of 6.4 and 6.5o 
ween found. Vbn aniber of bursts, laelndlng candidate bursts ^ in agreenent with 
the intagral distribution where 8 is the total energy in the burst. 


*On sebhetical leave fron California State University, Los Angxli 
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1. UmtODUCTION 


In thlH pnpvr vt' describ« a coaalc gaaM>ray burst observed froa s balloon 
with the University of California (UCR) double scatter telescope. Although 
gaaea-ray bursts of about 100 s duration have previously been seen frosi single 
balloon observations (Kondo and ■agase, 1969; Condo ^ al . 1970; Hiraalna et al. 
1970: Koga ^ 1974) this is the first observation of a short burst fron a 

balloon vlth properties sljd.lar to bursts observed fron satellites (e»g .« 
Klebesadel ^ al. 1973; Strong et al. 1974; Cline al . 1973; Cline and 
Desai, 1975b). This is the anallest yot reported and has a duration conparable 
to the shortest Vela satellite bursts. Evidence for snail bursts fron balloon 
measurenents using tine Interval analysis vas recently discussed by Cline and 
Desai (1975b). 

The gsiis-ray burst vas detected on May 14, 1975 at 29309.11 s UTC during 

2 

the night at an altitude of 4 g/cn of residual atnosphere on a balloon 
launched fron Palestine, Texas at 1150 UTC, May 13, 1975. The burst vas 
detected In two nodes of operation of the UCR double scatter gsawa-ray and 
neutron telescope (Herzo et 1975, Zych et al. 1975) . In the first nr/e 
the counting rate of the top liquid scintillator tank SI of dlncnslons 100 
ca X 100 ca x 12.5 cn Is observed in anticoincidence with the plastic scin- 
tillator box of 0.6 ca thickness cooplctely surrounding the tank. The ounber 
of counts in this neutral counter abovo a threshold of 0.5 Me? Is telanntared 
every 5 ns. The burst vas 24 o above background in this node. 

In the secemd node the energy and directional infomatioo about the 
incident ganna-rays are obtained fron double Oonpton scattering. An event 
is recorded if the gassM-ray scatters in SI, continues on and scatters again 


In n n«>rond liquid arlntillacor tank 82, 100 ca x LOO ca x 20 ca, that la 
located 100 cat beloa SI center to center. A aeparate anticolacldence box 

f . , t. 

of plastic scintillator completely eac loses 82. Bach tank Is divided 

♦ , 

into 28 cells and each cell la observed jy a separate photoanltlpl5.er for 
better angular resolution. Hhen a coincident neutral Interaction occurs 
in SI and S2, the pulse heights . tiae of flight between SI and S2, Identi- 
fication of the rella registering the event and event arrival tiae are loaded 

• * * n ■ * 

ioto one event frame. The fraaes are teleaetered at a rate of 200/s. Double 
scattered neutrons are also recorded in this aode and are distinguished froa 
gaaaa-rays by their longer tlaes of flight. The tiae flight Is also used 
to separate upward froa downward aovlng gaMa-rays so that celestial ganaa- 
rays are clearly separated froa earth albedo gaaaa-rays. 

The direction and energy cf the Incident ganaa-ray are not uniquely 
defined because part of the energy can be carried away by the scattered 
ganaa-ray In S2. In order to take account of this, on the average, the 
electron energy deposit in S2 is aultlplled by a correction factor f(B). 

The resulting distributions are sufficiently narrow that the uncertainty 
in energy Is only about 20Z. The Incident gaasM-ray direction can be deter- 
nlned to a cone whose axis is the direction of the scattere4 gasM-ray and 
whose opening angle is twice the scattering angle in SI. The uncertainty is 
about 10^. The naxlnun digitized event rate in the double scatter node la 1 
event/S ns detemlned by the telenetry fraae rate. In addition the nuaber 
of true and accidental coincidences between SI and S2 are recorded and 
teleawtered every 5 ns. The digitised double scatter ganna-ray rate la 
corrected for the frans dead tine to obtain the true ganns-ray rate. In 
the double scatter node each event gives an energy and cone direction for 
the incident ganau-ray. Fron the overlap of the cones the direction of 
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the w>urc« may be fouad 


2. USVLTS 

The coontlng rate at and near the tlaa of the hurat, in the alngle 
acatterlttg node, aa a function of tiaia in Intenrala of 5 na la gleen In 
rigura 1. Fron lt« a burnt rlae tine of 0.015 > O.QOS a and a burnt dura- 
tlon of 0.11 a are obtained. It appeara fron thin figure that algnlf leant 
varlatlooa are occurring in tine Intervala conparabla to our fine reaolution 
of 3 na. These variatlona appear to be the shortest yet observed In bursts, 
considerably shorter than the 60 **nlcroharsts** observed by Inhof et al . 
(1975) irlth a tine leaplutlon of 32 na and likely shorter than the £ 16 na 
duratlona suggested by the Vela aaf sllite results (Strong ^ al. 1974) and 
the 10-15 no fluctuations suggested by the Apollo 16 burst (Metsger et al. 
1974). This short tine Infers a nsrlaasa source dinsnslon of I50C «!k. The 
0.11 s duration la also conparabla to the shortest Vela bursts that consist 
of single 0.1 s spikes (Strong et al. 1974). 

Using a total of 670 burst counts above background, the detector area 

4 2 2 

of 10 cn , an efficiency of 0.19, and a transnlsslon by the 2.3 g/cn of the 

2 

detector and gondola nate: ial above the SI aclstlllator and by ttie 4 g/m 

overlying atnosphere of 0.63, we find a total burst flux of C.59 4 0.15 
2 

pliotons/cn with energies greeter than 0.5 NaV, Incident on the a tn osph e re. 

2 

The flux averaged over the 0.11 s of buret tlaia is 5.0 + 1.3 photons/cn -s 

with energies greater than 0.5 NaV and the nsxiwus flux during the burst Is 

2 

8.5 ± 2.1 photons/cn -s. 

A conparlaon of the true (aero deed tins) double scattering sod accldantal 
(delayed coincidence) rates with the single rate Is shown In Figure 1. 

These rates represent both neutron and ganna-ray Interactions la SI and S2. 
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ITic obscnred nuabcr of accldostal coimca *R’lag the bvret atreos with the ni»- 
ber calculated. The lack of any large lacraaaa in the accidental counting 
rate during the borat in evidence that the burst double scattering rate 
Increaae was ca us ed entirely by tins correlated interactions In SI and S2 
and not by an extraordinarily large Increaae in the counting rate of S2. 

It appears that the double scatter ccnstlng rate approaches background 
during the latter half of the burst as SMSSured by the SI counting rate. 

This could nean that the burst energy distribution softened with tine as has 
alo been obsenred by Hheaton et al. (1973) for each of the naln pulses in the 
Jay 14, 1972 burst and by Iidiof at (1975) for the Decenber 14, 1972 burst. 

.'n the Coup ton double scatter node, the average burst counting rate 
during the 0.11 s is 280 ^ 100 counts/s, 12 4 tlnsa the background rate 

of 22.5 counts/s. Recauae of the Ilnltation in the teleaetry frane event 
rate of 1 eveor/5 as, during tls burst of 0.11 s, a aaxiaua of 22 gsaas- 
rays could be recorded if every fraae contained a good gaana-ray burst event. 
Actually 8 gaaaa-rays were recorded that satisfied our gaaaa-ray event cri- 
teria. He neutrons were observed during the 0.11 s buTSt tine. 

The energy of the in'ident gasBS-ray is taken to be 


«el^ 


f(E) E 


e2 


where E^^ la the recoil electron energy in SI and S ^2 ^ recoil electron 
energy In 82. The f(E) values were estlasted fron Monte Carlo calculations 
and a' ong with our best estlastes of the energies of the double scattered 
goBBa-rays are given in Table 1. L itewise the goana-ray scattering angles 
are estlasted froa 
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Tabic 1. Doable Scattered Gaaaa-leje. 


GeoM-Bay 

E 1 
cl 

OieV) 

c2 

(MeV) 

f(S) 

(IfaV) 

e 

(deg) 

1 

1.34 

0.60 

1.55 

2.3 

48 

2 

0.88 

2.34 

1.23 

3.8 

16 

3 

3.22 

0.99 

1.38 

4.6 

45 

4 

1.37 

0.60 

1.55 

2.3 

48 

5 

1.07 

1.39 

1.28 

2.9 

27 

6 

0.91 

0.78 

1.47 

2.1 

37 

7 

0.91 

16.2 

1.18 

20. 

3 

8 

1.09 

2.11 

1.23 

3.8 

22 
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«rficr« ■ la th« clactraa rast wmm Had c la tiw aalaclcy af Tbm 

• • 

valuaa of tha calcalatad acattarlaf aatlaa ara alao gi aaa la Takla 1. 

An aatlaatc of tha dlfactioa la tha ali^ of dM aoarca of tha barat ia 
ohealnad frea tka oaarlav of tho acattcrlag cooa elrelaa t'aaafocwd to 
right ancnaalon aaO dacllaatloo. Ia ;^rdar to aharpaa tha aoarca dlractlor 
cap^lllty and eidiaoeo tha rojactloa of tha ataaopharle haekgroaad chat la 
aariana la tha horlsoatal plaaa, oaJy thoaa gaaaa laya alth acattarlng aaglea 
<30^ are uaad. Thla reducea the of faaaa-raya fra 6 te 4. Iha 

direction of the aoorce, vlgh 90Z coBflda*ac» ia than Italtad to a circle of 
radlua of 25° and ceator at a l.A. of 241° and a dacllnatioa of -f22°. For 
atronger burata, the cirrla radiaa can be rodncad algnif leant ly, to a fan degreea. 

With the poi:.ta froa aingle acattara at O.S NaV and tha 8 douhla 
scatter eventa It la poaalble to glee tha aatlaata of tha latagral en er gy 
dlatributlon of the burnt gnaani raya ah oaa la Figaro 2. Wien tha data are 
fitted by least aquarea to an integral poaar law diatribotion ■(>!) ■ A 
ae find A * 0.24 ^ 0.04 and a - 1.3 ± 0.2 idiare E ia in MaV. Thla ia in 
agreeaent with an a of 1.5 pro 5 K>aod by Cl inn and Daaai (1975a). 

A anarch ana node of 24 honra of aingle scatter data with 0.1 a raaolo- 
tlon prlnt-oata for anallar bwrata that w a re at leant 5 9 abwee backgro*uid. 

The only two cafididatea foead are 8.4 and 8.5 o aboue backgrooed and are 
gives ia Figure 3 with 20 an roaoletion» along with tha 24 a beret. The 
snaller candidate eventa show slallar rise tinea » vatiatlona and derations 
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aa the larger Imrst but have Mich poorer atatlatlca. The candidate at 
47779.3 a UTC «^aa observe*! abile the doable scatter telescope was In a 
M>de ■eaaurljif; both up w a rd and down wa rd norln^ gaaBa*-rays and neutrons. Aa 
a conaequeoce, noet of the telaaetry was filled with upward novlug gaana- 
rapa end the downward novlng double scattered gaMM-raya were not above 
background. The candidate at 25057.1 a UTC* however, was observed when 
the telescope wna telenaterlng downward novlng ganna-rays and neutrons, 
onl'y, and the doi^la scattered gonna-ray count rate Increased by a factor 
of 3 ^ 1 during the borat. The five ganna~rays, 3 with scattering angles 
OS Halt the direction of the source, with 90Z confidence, to a circle with 
a radius of 35^ and center at a K.A. of 200° and a declination of -fl0°. 

In order to evaluate the total energy In the burst conslateat with 
earlier papers (Strong ct 1974; Cline and Desal 1975b), we use our In- 
tegral energy distribution M(>E) ■ 0.24 E photona/ca^ fron 0.50 NeV to 
Infinity, il(>l) - 16 fron 0.15 to 0.50 MeV and add 25* for the 

fraction of the total energy that Ilea below the Vela threshold of 0.15 HeV. 

—6 2 

We find 4, 1 and 1 x 10 erg/en for the burst and 2 candidate burata, 
respect lx sly. 

In the single scatter M>de, alaoet 2v solid angle of the celestial 
sphere was under obeervatlon at all tinea. Our two points for the mn^er 
of bursts ■(>S) per unit tine with tetal energy la the buret greater than 
S are plotted In figure 4 along with data fron Cline and Deaal (1975b) which 
Inclode reeulte fron the Vela aatellltea (Strong et 1974), the SA8-B 
satellite, the DfP-7 aateUita Md their balloon flight of 5 Hoy 1974 (Cline 
and Deaal 1975b) . ' Both the point for our burst and for our buret plus 
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ncDU cAPnoKs 


Figure 1 


Figure 2 


Figure 3 


Figure 4 


Otunt rates versus tlas during the burst at 29309.11 U7C, May 
14, 1975. The count rates were telcaetered every 5 aa. lha 
top graph la tha single scat ter neutral count rate (Ssi). Tha 
error bars are standard deviations of the counting statuettes. 

The Biddle graph gives the double-scattered neutral count rate 
(A1S1A2S2). The bottoa graph gives the chance coincidence 
background count rate obtained fron delayed coincidences of S2 
with SI. Each dot on the Biddle graph representc a teleBeterad 
double-scattered gsaaa ray event for ehlch pulse hei^t, tlae 
of flight and cell identification were telanetared at a bsxIbm 
rate of 1 event every 5 bs. 

Integral ganu-ray en e rgy distribution for the burst. The 
point at 0.5 Ma? is obtained fron the single scatters and the 
points at higher energies fron double scatters. The straight 
line is a least squares fit to the data. 

Neutral count rates la SI (AlSl) for the tuo candidate bursts 
starting at 25057.1 and 47779.4 UTC, respectively, and for the 
burst starting at 29309.1 UTC. The data are conbiTvad In 20 ns 
Intervals. 

The msaber of bursts per unit tlae vlth total en erg y greater 
rhaa S versus S. The data are taaan froa Cline and P aa si (1975b) 
which include results fron tha Vela satallitss (Strong s^ al. 1974) , 
the 8AS-B satallita, the DV-7 satellite and their balloon flight 
of 5 May 1974 (Cline and Daaai 1975b). 
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INTEGRAL ENERGY DISTRIBUTION (Photons/cm^) 



GAMMA-RAY ENERGY (MeV) 










